Abstract-The problems of exponential stability and exponential convergence rate for a class of impulsive cellular neural networks with time-varying delays are studied. By means of the Lyapunov stability theory and discrete-time Halanay-type inequality technique, stability criteria for ensuring global exponential stability of noimpulsive discrete-time cellular neural networks and impulsive discrete-time cellular neural network with timevarying delays are derived respectively, and the estimated exponential convergence rate is provided as well. Finally, the validity of the obtained results is shown by two numerical examples.
I. INTRODUCTION
In 1988, a novel class of information-processing systems called cellular neural networks (CNN) been proposed [1] [2] [3] . Their key features are asynchronous parallel processing and global interaction of network elements. In many evolutionary systems there are two common phenomena: delay effects and impulsive effects. In implementation of electronic networks, for example, delays frequently appear because of the finite switching speed of amplifiers. On the other hand, the state of electronic networks is often subject to instantaneous perturbations and experience abrupt change at certain instants which may be caused by switching phenomenon, frequency change or other sudden noise, that is, do exhibit impulsive effects. Even in biological neural networks, impulsive effects are likely to exist. For instance, when a stimulus from the body or the external environment is received by receptors the electrical impulses will be conveyed to the neural net and impulsive effects arise naturally in the net. Therefore, neural network model with delays and impulsive effects should be more accurate to describe the evolutionary process of the systems. Since delays and impulses can affect the dynamical behaviors of the system by creating oscillatory and unstable characteristics, it is necessary to investigate both delay and impulsive effects on the stability of neural networks. Cellular neural networks and delayed cellular neural networks (DCNN) have been applied to various fields such as linear and nonlinear programming, optimization, pattern recognition, associative memory and computer vision [4] . Therefore, the study of the stability of CNN and DCNN is known to be an important problem in theory and applications. However, the state of electronic networks is often subject to instantaneous perturbations and experience abrupt changes at certain instants [5] . Since delays and impulses can affect the dynamical behaviors of the system, it is necessary to investigate both delay and impulsive effects on the stability of cellular neural networks. A large number of the criteria on the stability of DCNN without impulse has been derived (see [6] [7] ).Correspondingly, there is not much work dedicated to investigate the stability of impulsive discrete-time cellular neural networks. Recently, some mathematical models of impulsive cellular neural networks described by measure differential equations or general impulsive differential equations have been formulated ( [1] , [2] , [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] ). Some interesting results on the stability of impulsive discretetime cellular neural networks without delay or with constant delays have been obtained. However, in practical evolutionary processes of the networks, absolute constant delay may be scarce and delays are frequently varied with time.
In this paper, we shall deal with a class of discrete-time cellular neural networks with time-varying delays subject to impulsive perturbations: 
represents the abrupt change of the state at the impulsive moment k N and
By utilizing the Lyapunov stability theory and discretetime Halanay-type inequality, we shall obtain global exponential stability criteria and estimated exponential convergence rate for impulsive discrete-time cellular neural networks with time-varying delays. 
Then, there exists a Definition 1: For the impulsive discrete-time cellular neural network (1), the trivial equilibrium point is exponentially stable if there exist positive constants 0 K > and
Where r is called the exponential convergence rate. If (2) is satisfied for any initial condition ( ) 
Assumption C: There exists a constant 0 (1) is bounded and satisfies the following Lipschitz condition,
III. MAIN RESULTS
In this section, we shall investigate the global exponential stability criteria and the estimated exponential convergence rate of impulsive discrete-time cellular neural networks. The following theorem presents the results on the global exponential stability of the noimpulsive system (1).
Consider a discrete-time neural network described by ( ) 
The following theorem presents the results on the global exponential stability of the system (5).
Theorem 1: Suppose that Assumption C and the following inequality is satisfied, 1 c l
Where
Then, the trivial equilibrium point of (5) is globally exponentially stable with the convergence rate λ , which is the smallest root in the interval ( ) 0,1 of the following equation 
It follows from Lemma 1 that there exists a
Furthermore, by (7), we have
Therefore, by virtue of Definition 1, the trivial equilibrium point of (5) is globally exponentially stable with the convergence rate λ , which is the smallest root in the interval ( ) Then, the trivial equilibrium point of the no-impulsive cellular neural network without delays is globally exponentially stable with the convergence rate λ , which is the smallest root in the interval ( ) 
ii
Where Then, the trivial equilibrium point of (1) 
Thus, it follows from (8), (10) and (11) Then, the trivial equilibrium point of the impulsive cellular neural network without delays is globally exponentially stable with the convergence rate λ , which is the smallest root in the interval ( ) 
ii) 1 c l + < , (13) Where
Then, the trivial equilibrium point of (1) is globally exponentially stable with the convergence rate λ , which is the smallest root in the interval ( ) 
Thus, it follows from (14) that 
Then, the trivial equilibrium point of the impulsive cellular neural network without delays is globally exponentially stable with the convergence rate λ , which is the smallest root in the interval ( ) Ⅳ. NUMERICAL EXAMPLE In this section, two numerical examples are presented to verify and illustrate the usefulness of our main results. We consider a two-neuron discrete-time cellular neural network with time delays Example1. In this example, we consider a two-neuron discrete-time cellular neural network with time delays.
For 
And for ( )
It is easy to verify that 
Thus, all the conditions of Theorem 1 are satisfied. Therefore, the trivial equilibrium point of (5) 
V. CONCLUSION
We have developed global exponential stability criteria for ensuring global exponential stability of no-impulsive discrete-time cellular neural networks and impulsive discrete-time cellular neural network with time-varying delays are derived based on the Lyapunov stability theory and discrete-time Halanay-type inequality technique respectively. Finally, two numerical examples were given to show the effectiveness of our results.
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